Crystal structure and spectroscopic properties of chlorido{hydridotris[3-,5-dimethylpyrazol-1-yl-κN3]borato}(3-,5-dimethylpyrazol-1-yl-κN)copper(II), C20H30BClCuN8 by Fujisawa, Kiyoshi & Tiekink, Edward R. T. *
Kiyoshi Fujisawa* and Edward R. T. Tiekink*





Received July 28, 2020; accepted September 8, 2020;
published online October 5, 2020
Abstract
C20H30BClCuN8, monoclinic, P21/c (no. 14), a = 17.1345(7) Å,
b = 7.8207(2) Å, c = 19.0213(8) Å, β = 108.268(1)°,
V = 2420.46(16) Å3, Z = 4, Rgt(F) = 0.0322, wRref(F
2) = 0.0876,
T = 184 K.
CCDC no.: 2027354
The molecular structure is shown in the Figure. Table 1
contains crystallographic data and Table 2 contains the list
of the atoms including atomic coordinates and displace-
ment parameters.
Source of material
A solution of Na{HB(3,5-Me2pz)3} (100.5 mg, 0.313 mmol)
[6] in dichloromethane (13 mL) was added slowly to a so-
lution of CuCl2⋅2H2O (61.0 mg, 0.358 mmol) in acetone
(13 mL). In addition, one equivalent of 3,5-Me2pzH
(30.1 mg, 0.313 mmol) in dichloromethane (13 mL) was
dropped carefully into this solution. After the mixture was
stirred overnight, the solvent was evaporated under vac-
uum. The resulting solid was extracted with dichloro-
methane (20 mL). The filtrate was evaporated under
vacuum, and a green powder was obtained. Green crystals
were obtained by slow evaporation of a saturated
dichloromethane/n-octane solution at room temperature.
Yield: 62% (95.8 mg, 0.195 mmol). Anal. Calcd. for
C20H30BClCuN8. C, 48.79; H, 6.14; N, 22.76%. Found: C;
48.48, H; 6.02, N; 22.54%. IR (JASCO FT/IR-550 spectro-
photometer, KBr; cm−1): 3211 (m) ν(N–H), 2927 (m) ν(C–H),
2511 (m) ν(B–H), 1567 (m) ν(C=N), 1542 (s) ν(C=N). UV–Vis
(JASCO V-570 at 298 K in dichloromethane); λmax, nm
Table : Data collection and handling.
Crystal: Green needle
Size: . × . × . mm
Wavelength: Mo Kα radiation (. Å)
μ: . mm-
Diffractometer, scan mode: Rigaku Mercury, ω
θmax, completeness: .°, %
N(hkl)measured, N(hkl)unique, Rint: , , .
Criterion for Iobs, N(hkl)gt: Iobs >  σ(Iobs), 
N(param)refined: 
Programs: REQAB [], CrystalClear [],
SIR [], SHELX [],
WinGX/ORTEP []
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(ε, mol−1 cm−1) 341 (1100), 430 (shoulder, 230), 730 (100).
ESR Bruker EMX-T, 5 mm φ quartz tube, dichloromethane:
1,2-dichloroethane = 1:1, 124 K: g‖, 2.32 (A‖, 159 G); g(⊥), 2.07.
Experimental details
The C- and B-bound H atoms were geometrically placed
(C–H = 0.95–0.98 Å & B–H = 1.00 Å) and refined as riding
with Uiso(H) = 1.2–1.5 Ueq(C) and 1.2 Ueq(B). The N-bound H
atom was refined with N–H = 0.88 ± 0.01 Å, and with
Uiso(H) = 1.2 Ueq(N).
Comment
Boron-substituted poly(1-pyrazolyl)borates occupy a promi-
nent position in current coordination chemistry [6]. Among
this class of ligand, the methyl substituted hydridotris(3,5-
dimethyl-pyrazolyl-1-yl]borato-κN3 anion is very common. It
has been designated as “Tp*” [7–10] and also named
“homoscorpionates-first generation” [7, 10]. The Tp* ligand is
relatively sterically unhindered so it can readily form coor-
dinatively saturated six-coordinate, bis-chelate complexes,
formulated as [M(Tp*)2]. For copper(II), the structure of
[Cu(Tp*)2] has been reported [11]. To avoid the formation of
this bis-chelate complex, the syntheticmethodology needs to
be carefully modified: the solution containing the Tp* ligand
needs to be added slowly to a solution containing a small
amount of excess metal salt [12]. This work reports the crystal
structure and some properties of a five-coordinate copper(II)
complex with the first generation Tp* ligand, also containing
a coordinated 3,5-dimethylpyrazol-1-yl molecule, i.e.
[Cu(Cl)(3,5-Me2pzH){HB(3,5-Me2pz)3}], (I).
It is well-known that four-coordinate copper(II) ge-
ometries are not so common in coordination chemistry [13].
In particular, the tetrahedral geometry is very unstable for
Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).
Atom x y z Uiso*/Ueq
Cu . () . () . () . ()
Cl . () −. () . () . ()
N . () . () . () . ()
N . () . () . () . ()
N . () −. () . () . ()
N . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
HN . () . () . () .*
C . () −. () . () . ()
HA . . . .*
HB . −. . .*
HC . −. . .*
C . () −. () . () . ()
C . () −. () . () . ()
H . −. . .*
C . () −. () . () . ()
C . () −. () . () . ()
HA . −. . .*
HB . −. . .*
HC . . . .*
C . () −. () . () . ()
HA . −. . .*
HB . −. . .*
HC . −. . .*
C . () −. () . () . ()
C . () −. () −. () . ()
H . −. −. .*
C . () −. () −. () . ()
C . () −. () −. () . ()
HA . . −. .*
HB . −. −. .*
HC . −. −. .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () −. () . ()
HA . . . .*
HB . . −. .*
HC . . −. .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
C . () . () . () . ()
H −. . . .*
Table : (continued)
Atom x y z Uiso*/Ueq
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB −. . . .*
HC . . . .*
B . () . () . () . ()
H . . . .*
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less sterically hindered ligands such as Tp*. Indeed, the
slow reaction of a copper(II) salt, such as CuCl2, with Tp*
yielded a mixture of four- (red) and five-coordinate (green)
complexes. To ensure the formation of a five-coordinate
complex, one equivalent of pyrazole was also added to the
reaction mixture. In the IR spectrum of (I), the ν (C=N)
signals were split, with absorptions at 1567 and 1542 cm−1,
reflecting the presence of two kinds of pyrazole ligands.
The IR also provides evidence for hydrogen bonding by the
pzH–N–H residue with a very sharp absorption noted at
3211 cm−1. The ground state of (I) is dx2−y2, as confirmed by
ESR [14]. This ground state is also supported by UV–Vis
spectroscopy. For (I), the d–d transition occurs at 730 nm
(100M−1 cm−1) which is shifted by approximately 200 nm to
higher energy compared with that of 996 nm (150 M−1 cm−1)
for [Cu(Cl){HB(3,5-iPr2pz)3}] [15] and 906 nm (180 M
−1 cm−1)
for [Cu(Cl){HB(3-Ph-5-Mepz)3}] [13].
The molecular structure determined by X-ray diffrac-
tion of (I) is shown in figure (50% probably displacement
ellipsoids). The Cu atom is coordinated by a Cl, three
pyrazolyl-N11, N21 andN31 atoms of the tripodal ligand and
a pyrazolyl-N41 atom derived from a neutral 3,5-
dimethylpyrazol-1-yl molecule. The Cu–Cl bond length in
(I) of 2.3107(5) Å is slightly longer than the equivalent Cu–
Cl bonds in other five-coordinated chlorido copper(II)
complexes, viz. 2.260(2) Å in [Cu(Cl)(dmf){HB(3,5-iPr2pz)3}]
[15] and 2.2833(8) Å in [Cu(Cl)(3-Ph-5-MepzH){HB(3-Ph-
5-Mepz)3}] [16]. These bond lengths are approximately 0.1 Å
longer compared with the Cu–Cl bond lengths in four-
coordinate, chlorido copper(II) complexes [13].
Each of the four Cu–N bond lengths in (I) is experi-
mentally distinct from the others. The Cu–N11
[2.0305(14) Å] and Cu–N31 [2.0189(14) Å] bond lengths are
different and significantly shorter than the Cu–N21
[2.1756(14) Å] separation. The Cu–N41 bond length
[2.0579(14) Å] is intermediate between the extreme Cu–N
values formed by the tripodal ligand. The ClN4 donor set
defines, to a first approximation a distorted square-
pyramidal geometry, with the less tightly bound
pyrazolyl-N21 atom occupying the axial position with the
N11 and N31 atoms approximately trans to the N41 [N11–
Cu–N41 = 174.93(6)°] and Cl [N31–Cu–Cl = 152.45(4)°]
atoms. The distortion in the coordination geometry is
quantified by the value of τ = 0.37 which compares with
values of 0.0 and 1.0 for ideal square-pyramidal and
trigonal-bipyramidal geometries, respectively [17]. The
orientation of the 3-phenyl-5-methylpyrazol-1-yl ligand is
to place the amine-N42–H group in close proximity with
the Cl atom which enables the formation of an intra-
molecular N–H···Cl [N42–H42n···Cl: H42n···Cl = 2.28(2) Å,
N42···Cl = 2.9335(17) Å with angle at H42n = 131.3(17)°]
hydrogen bond.
In the molecular packing, the only directional contact
is a long pyrazolyl-C–H···π(pyrazolyl) [C33–H33···Cg(N21,
N22, C22–C24)i: H33···Cg(N21, N22, C22–C24)i = 2.98 Å with
angle at H33 = 129° for symmetry operation (i): x, 1 + y, z]
contact. The result is the formation of a linear, supramo-
lecular chain parallel to the b-axis. To investigate the
molecular packing further, with the aid of Crystal Explorer
17 [18] and following literature methods [19], the Hirshfeld
surface along with the full and delineated two-
dimensional fingerprint plots were calculated. Consis-
tent with the lack of evident directional interactions in the
crystal of (I), the major contribution to the surface comes
from H···H contacts, at 73.9%. After this are H···C/C···H
[10.9%], H···N/N···H [8.0%] and H···C/C···H [6.8%]
contacts.
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